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Abstract

Because of its strength-to-weight ratio, resistance to corrosion, and design flexibility, carbon fiber reinforced polymers, or
CFRP, have completely changed structural engineering in the automobile, civil infrastructure, and aviation industries.
Conventional analytical approaches generally underestimate CFRP's complicated anisotropic behavior, interfacial phenomena,
and damage progression processes. Advanced computer modeling, multiscale analysis, and experimental methods allow CFRP
structure optimization with remarkable accuracy and dependability. The research examines how these factors affect
delamination factor, surface roughness, thrust force, and mechanical qualities including tensile and flexural strength. The
research seeks ideal machining settings to reduce CFRP composite drilling flaws and increase quality.
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Introduction

In recent years, CFRP composites made of carbon fiber and
reinforced with polymers have become more popular in
many fields of engineering, especially civil engineering.
CFRP's exceptional mechanical properties, high resilience,
and lightweight composites make them perfect for civil
engineering projects. Over the last few decades, CFRP
composites have seen a dramatic increase in their use in
building and bridge construction, among other infrastructure
projects.

Carbon fiber reinforced plastic Carbon is used to make
(CFRP) composites. fiber that has been woven together and
then treated with resin to make them robust and long-
lasting. With its resin matrix providing protection from
environmental elements including moisture and UV
radiation, carbon fiber provides excellent rigidity, fatigue
resistance, and tensile strength. The resultant composite is
ideal for use in structural applications because to its low
density has an impressive strength-to-weight ratio.

One major advantage composite material composed of
carbon fiber One benefit of (CFRP) composites is their
higher strength-to-weight ratio. Composites made of carbon
fiber reinforced plastic (CFRP) have a much greater
strength-to-weight ratio than traditional building materials
like concrete and steel. Because of this, CFRP materials
may make buildings that are lighter and more efficient while
yet providing the same strength and durability as concrete
and steel. Bridges and big structures are two examples of
situations where weight plays a significant role, therefore
this is quite helpful in such cases. One further perk of CFRP
composites is how long they last. Composites constructed
from CFRP-reinforced plastic are ideal for usage in extreme
conditions since they are resistant to corrosion and
environmental deterioration. Their strong fatigue resistance
further ensures that they will not deteriorate during repeated
loading cycles. Bridges that are susceptible to large loads
and continuous movement should priorities this

Composites are made by combining many components to
provide benefits like strength and weight reduction.
Composites may be made using a variety of materials as
constituents. They may be either contemporary materials
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like synthetic fibers and polymers, or more conventional
ones like wood fibers and mud matrixes. The aviation sector
has discovered an application for fiber-reinforced polymers,
military, and marine industries over the last century.

CFRP is a well-liked composite that is often used in the
aerospace sector as well as in constructing constructions.
CFRP composites are lightweight (density of 1500 kg/m3)
and durable materials that are employed in many everyday
gadgets. Generally speaking, CFRP composites make use of
certain unique resins including vinyl ester, epoxy, and
polyester. This method boosts interfacial adhesion, lowers
stress concentrations, and improves overall structural
efficacy. Advanced production techniques, such as 3D
printing composites and automated fiber placement (AFP),
are essential for achieving these designs with great accuracy
and consistency.

Topology optimization is essential in the structural design of
CFRPs, since it identifies the best possible allocation of
materials within a given design area. This method facilitates
the construction of lightweight structures while maintaining
strength and rigidity. Due to the anisotropic characteristics
of CFRPs, topology optimization may be used to
strategically align fibers and minimize superfluous material
consumption. It is especially successful in high-performance
settings, such as the automotive and aerospace components,
resulting in novel designs that are structurally robust and
material-efficient.

Literature review

Nadeem (2010) reported the findings of an experimental
investigation that was conducted on beams that were
encased using CFRP, or carbon fiber reinforced plastic. The
results of the tests clearly shown that under-reinforced RC
beams may have their flexural strength significantly
improved by using a technique that involves externally
attaching carbon fiber reinforced plastic sheets to the
tension face of the beams. Nevertheless, the growth was
determined using the ratio of steel reinforcement. The
concept of structural ductility does not have a definition that
is widely acknowledged. The establishment of a reference
base was necessary in order to conceptualize ductility in a



manner that is both reasonable and intelligible, and that can
be applied to any and all structural materials. When it comes
to defining ductility, the yield point of internal steel offers a
reference point that is quite straightforward. On the other
hand, the structural member's capacity to withstand load
while experiencing significant deformations is a result of the
distinctive yield plateau that is seen in the steel's stress-
strain curve. However, No matter what kind of reinforcing
material was used, this was never the case with FRP sheet
bonded reinforced concrete beams. Or a steel and FRP mix.
Sarah Orton and James (2009) the purpose of doing an
experiment was to examine the processes that enhance the
negative moment zone. By forcing hinging to take place at
regions with better rotational ductility, they were able to
achieve the requisite load to prevent progressive collapse.
Additionally, they were able to employ a much-reduced
amount a material made recycled plastic material made from
carbon fiber (CFRP). The carbon fiber reinforced plastic
(CFRP) needed was much higher, however the flexural
strengthening scheme that was developed was successful in
achieving the requisite load to withstand progressive
collapse at a low degree of displacement. According to the
findings, an approach that uses CFRP, or carbon fiber
reinforced plastic, offers reinforcing continuity in a concrete
beam has the potential to be effective, although it may or
may not be adequate to restrict progressive collapse.

Byong (2008) emphasized the impact that the application of
epoxy mortar patch end anchorages has on the way carbon
fiber-reinforced polymer (CFRP) sheets improve the
flexural strength of beams made of reinforced concrete. The
results of the tests show that carbon fiber reinforced plastic
sheet reinforced concrete beams may be strengthened using
epoxy mortar patch end anchorages to postpone or avoid
early debonding failure. Consequently, this enhances the
beam's flexural performance. The author demonstrated that
the mortar patch anchoring that was used in the
experimental investigation was extremely efficient in
postponing or preventing the primary failure mechanism for
beams that were traditionally strengthened with CFRP,
which was premature debonding failure.

Tamer EI Maaddawy (2007) In corrosive environmental
circumstances, the presented findings are based on an
experimental study that attempted to evaluate the
performance of CFRP sheets used for the restoration of
reinforced concrete beams. After the correction was
finished, the author realized that the beams' deflection
capability decreased as the corrosion proceeded. There was
an average reduction of forty-five percent in the deflection
capability of comparing the restored beams to the control
beam.

Sing-ping Chiew (2007) provided both experimental and
computational research on the way reinforced concrete
beams (RCB) enhanced with glass fiber reinforced plastic
(GFRP) handle flexural loads. According to the author's
findings, flexural RC beams may have their tension faces
reinforced using GFRP laminates, making them stronger
and more rigid. So long as the axial stiffness external GFRP
laminates is increased, the strengthening ratio rises in a
linear fashion. When compared to the stresses induced by
flexural cracking, the interfacial shear stress concentration
that was caused by the cut off effect was far less significant.
An unsuccessful attempt at debonding took place when the
shear span's interfacial bond was used to its maximum
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capacity. Because of the GFRP laminates' debonding, each
and every reinforced beam was unsuccessful.

Research methodology

Material

This is due to the possibility that these materials may be
produced with enhanced physical properties and increased
mechanical behavior. The primary benefits that advanced
composites provide include high strength/stiffness to weight
ratios, which lead to a large decrease in weight, improved
rigidity and damping, the flexibility to modify the
characteristics to suit loading requirements, and the
material's capacity to take on a nearly net shape.

Testing CFRP Plates for Tensile Strength

For the purpose of tensile testing using a Universal Testing
Machine (UTM). Following the guidelines set out by
ASTM, the CFRP composite plates were treated in order to
create tensile specimens. The digital display that was
connected to the UTM was used to take note of the load
displacement diagram as well as the load displacement data.
Through the use of the standard approach, this load and
displacement data were converted into real stress and true
strain data, and CFRP composites' final tensile strength
values were derived. Figure 1 depicts the universal tensile
testing machine that was used, and information on its
characteristics may be found in Table 1.

Fig 1: Universal Testing Machine

Table 1: Details of the Universal Testing Machine

Model UTE-100
Measuring capacity 1 1000KN
Measunng range | 0-1000RN |
Load resolution 100N
Load range with accuracy of measurement +1 0% 120t 100KN




Tools & Specifications

These drill bits are of the solid kind and are manufactured of
high-strength steel (HSS). They were employed in the
ongoing research project. A two-fluted, straight-shank twist
drill bit with a 100-degree point angle was used for the
experiment. Degrees, 118 degrees, and 135 degrees, and a
diameter of 6 millimeters was used. It was decided to
acquire the conventional drill tool that has a point angle of
118 degrees.

Experimental Design

For the purpose of accomplishing the aim, the primary
cutting parameters that spindle a thorough analysis was
conducted on the variables speed (V), point angle (), and

feed rate (), all of which have a substantial impact on the
drilling of CFRP composites, into determine the impact they
have on performance.

To identify the ideal spindle velocity, feed rate, and point
angle combinations, the first trial trials were conducted. To
use HSS to drill CFRP composites twist drill bits, Taguchi's
L27 (3%), which is an orthogonal array, was used. 13
columns are included in this array, which defines 27
different experimental runs. As shown in Table 2, the
parameters were assigned to the L27 columns in order to
prevent aliasing and interactions with the primary
parameters. On the basis of a linear graph, the input drilling
parameters are allocated to the columns (1, 2, and 5) of the
orthogonal array.

Table 2: Designing an experiment using the L27 orthogonal array

Experimental | 1 2 3 4 5 6l 7 8 9 10 | 11 | 12 | 13
Run

1 1 1 1 1 |1 1 1 1 1 1 1 1 1
2 1 1 1 1 |2 2 2 2 2 2 2 2 2
3 1 1 1 1 |3 3 3 3 3 3 3 3 3
4 1 2 2 2|1 1 1 2 2 2 3 2 3
5 1 2 2 2 |2 2 2 3 3 3 1 3 1
6 1 2 2 2 |3 3 3 1 1 1 1 2
7 1 3 3 3|l 1 1 3 3 3 2 3 2
8 1 3 3 3 |2 2 2 1 1 1 3 1 3
o 1 3 3 3 |3 3 3 2 2 2 1 2 1
10 2 1 2 3|l 2 3 1 2 3 1 3 1
11 2 1 2 3 |2 3 1 2 3 1 2 1 2
12 2 1 2 3 |3 1 2 3 1 2 3 2 3
13 2 2 3 1 |1 2 3 2 3 1 3 1 3
14 2 2 3 1 |2 3 1 3 1 2 1 2 1
15 2 2 3 1 |3 1 2 1 2 3 2 3 2
16 2 3 1 2|1 2 3 3 1 2 2 2 2
17 2 3 1 2|2 3 1 1 2 3 3 3 3
18 2 3 1 2 |3 1 2 2 3 1 1 1 1
19 3 1 3 2|1 3 2 1 3 2 1 2 1
20 3 1 3 2 |2 1 3 2 1 3 2 3 2
21 3 1 3 3 2 1 3 2 1 3 1 3
22 3 2 1 3|1 3 2 2 1 3 3 3 3
23 3 2 1 3 |12 1 3 3 2 1 1 1 1
24 3 2 1 3 13 2 1 1 3 2 2 2 2
25 3 3 2 1 1 3 2 3 2 1 2 1 2
26 3 3 2 1 |2 1 3 1 3 2 3 2 3
27 31032132 11 2]1 3|1 3 1

Data analysis

In the course of this research project, CFRP composite
plates were manufactured by means of a manual lay-up
approach. Using a computer numerical control (CNC)
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machine, we conducted drilling trials with varying degrees
of variation in the drilling process parameters. Among these
considerations were the feed rate, point angle, and spindle
speed. The results of the literature study show that the tool



parameter significantly affects the quality of the holes
produced. We chose three different degrees of spindle
speed, point angle, and feed rate to conduct testing inside
Taguchi's L27 orthogonal array architecture. For each
experiment, we ran it three times and took the mean for
further examination.

Test on Tensile

Following specimen preparation and procedure execution,
tensile tests were conducted in compliance with the ASTM
D638 standard. The Universal Testing Machine (UTM)
guided the execution of the tensile tests. Next, the specimen
has to be placed within the UTM. Then, the tensile stress
needs to be applied until the specimen breaks.

Figure 2 displays the results of the tensile testing of CFRP
composites. After reaching a particular concentration, the
tensile strength of the epoxy matrix decreases due to nano-
particle agglomeration, while it initially rises with
increasing weight percent of alumina nanoparticles.

Table 3: Tensile strength variation as the weight percentage of
Al20s increases

Material Composition Tensile Stress (MPa)
CFRP (0% Al203) 525
CFRP (2% Al203) 560
CFRP (4% AlOs) 540

570

560

560

550

540

530

520

510

500

CFRP (0% ALO,) CFRP (2% AlLLO,) CFRP (4% ALO,)

Fig 2: Tensile strength variation as the weight percentage of Al2O3
increases

Test on Flexural Strength

The greatest tensile stress that a composite material is able
to sustain while bending before it reaches its breaking point
is referred to as its flexural strength. Figure 3 depicts the
testing equipment that is used for CFRP composite samples
undergo the three-point bend test as per the standard test
protocol outlined in ASTM D790. For the purpose of
determining the flexural strength, each test is carried out
three times for each various kind of composite, and the
average result is included into Equation (4.9).

Due to high adhesion at the interface of the fiber and the
matrix for Al,Os distributed CFRP composites, which are
already impacted by the residual stress of the matrix on the
fiber surfaces, it was shown that the flexural strength of
CFRP composites increases with increasing weight percent
of A|203.

FlexuralStrength= &
2bt” (4.9)
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Fig 3: Setting up for flexural testing

Table 4: Flexural strength variation as the weight percentage of
Al20s increases

Material Composition Flexural Stress (MPa)
CFRP (0% Al203) 135
CFRP (2% Al203) 175
CFRP (4% Al203) 145
200
S 175
160 145
135
140
120
100
80
60
40
20
0
CFRP (0% Al,04) CFRP(2% Al,0,) CFRP (4% AlLOy)

Fig 4: Flexural strength variation as the weight percentage of
Al203 increases

Results of flexural testing performed on CFRP composites
are shown in Figure 4 It is evident that as the weight percent
of AI203 in the epoxy matrix increases, up to a
concentration of 2%, the flexural strength of the epoxy
matrix also rises. But when the epoxy matrix contains 4
weight percent Al203, the flexural strength drops because
nanoparticles clump together. According to the findings of
the tests, the CFRP composite material that contains 2%
Al,O3 has the highest flexural strength on the market when
compared to other compositions. As a result of the Al,O3
nanoparticles being distributed evenly throughout the epoxy
matrix, the flexural strength was significantly improved. At
larger concentrations, aggregations of the AlOs
nanoparticles take place, which results in a reduction in the
composites' flexural strength.

Optimizing the parameters of the drilling process

When it comes to practically all industrial sectors, the
optimization of machining processes is essential in order to
provide prompt solutions to the rapidly shifting needs of end
users. It is essential that the ratio of costs to quality of goods
throughout the production stage be meticulously monitored,
and immediate corrective steps must be done in the event
that there are deviations from the desired output. There is an
increase in the complexity of machining procedures when a



single element or a combination of several variables impact
the process.

These factors include the material of the cutting tool and the
work piece. In addition, industrial engineers have little time
for production setup; hence, it is of the utmost importance to
discover the ideal cutting conditions by minimizing the
amount of time spent on trial and error and the amount of

money spent on the process. In this particular piece of work,
the gray relational analysis is applied in order to evaluate
the many performance features of the drilling process for
CFRP composites.

Tables 5, show the drilling factors and performance traits of
how well HSS drills work when drilling CFRP composite
plates

Table 5: Results of the tests done on drilling a CFRP plate without Al203

Exp. No Spg]/t;i I;gp'\)/?ed ig')n(;eag:ie Feed (f) mm/min Delamination factor Surfac(:lgsi)lL:ghness Thrzg; Eorce
Entry Exit

1 1000 100 50 1.4215 1.4302 1.50 60.018

2 1000 100 100 1.4802 1.6847 1.64 66.289

3 1000 100 150 1.5047 1.7618 1.88 79.542

4 1000 118 50 1.4795 1.6821 1.95 93.978

5 1000 118 100 1.5152 1.7753 2.07 101.582

6 1000 118 150 1.5991 1.8232 2.27 124.403

7 1000 135 50 14751 1.6694 2.95 93.461

8 1000 135 100 1.5257 1.8238 3.27 104.735

9 1000 135 150 1.5756 1.8765 3.54 124.259

10 2000 100 50 1.4194 1.5247 1.26 55.651

11 2000 100 100 1.4702 1.5936 1.40 61.823

12 2000 100 150 1.5006 1.7342 1.50 77.362

13 2000 118 50 1.4539 1.4857 1.64 84.352

14 2000 118 100 1.5068 1.7939 1.69 92.871

15 2000 118 150 1.5383 1.8831 1.83 108.991

16 2000 135 50 1.4597 1.4990 2.46 90.694

17 2000 135 100 1.5129 1.8480 2.79 94.144

18 2000 135 150 1.5538 1.8582 3.06 119.923

19 3000 100 50 1.4175 1.4831 1.22 50.783

20 3000 100 100 1.4672 1.5893 1.23 58.793

21 3000 100 150 1.4881 1.6941 1.40 66.548

22 3000 118 50 1.4369 1.4649 1.50 78.615

23 3000 118 100 1.4891 1.7336 1.67 76.981

24 3000 118 150 1.5288 1.8644 1.76 108.423

25 3000 135 50 1.4578 1.4921 2.00 86.428

26 3000 135 100 1.5068 1.7680 2.22 90.655

27 3000 135 150 1.5447 1.8929 2.84 113.461
Conclusion polymer rim for carbon/aluminum assembled wheel.
An examination into unique techniques to structural design Polym Compos. 2020;42. doi:10.1002/pc.25822
and analysis for A new generation of carbon fiber reinforced 3. Wang Y, Wang F, Xu Q, Hong J, Wang D, Ye K, et al.
polymers (CFRP) has emerged, with the goal of making Design and analysis of a novel carbon fiber reinforced
these high-tech composites even more efficient and polymer sandwich adhesive joint. Appl Compos Mater.
effective. The goal of these improvements is to make the 2023;30:1-23. d0i:10.1007/s10443-023-10113-z
composite materials work better. Carbon fiber reinforced 4. Hintze W, Hartmann D. Modeling of delamination
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experiments carried out on a CNC Vertical Milling machine 6. XuY, Gao Y, Wu C, Fang J, Sun G, Steven G, et al.
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